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We demonstrate that one maximally entangled state is sufficient and necessary to distinguish a
complete basis of maximally entangled states by local operation and classical communication.
PACS numbers: 03.67.Mn,03.65.Ud
Generally orthogonal states may be distinguished perfectly only by means of global measurements since quantum
information of orthogonality may be encoded in entanglement that cannot be extracted by local operation and classical
communication (LOCC). Whether or not a set of orthogonal states can be discriminated by LOCC is related closely
to the number of the states. Any two orthogonal multipartite states could be discriminated with certainty by only
LOCC operations [1] while there exist a complete basis of product orthogonal states that could not [2]. An arbitrary
complete set of orthogonal states of any bipartite system is locally indistinguishable if at least one of the vectors is
entangled [3]. To locally discriminate the complete basis of maximally entangled states, entanglement is required. In
this note, We prove that a maximally entangled state is sufficient and necessary.
We consider the problem of distinguishing the canonical set of mutually orthogonal maximally entangled states
(MES) in d× d defined as,
|φm,n〉 = 1√
d
d−1∑
j=0
e2piijn/d|j〉|j ⊕m〉, n,m = 0, 1, · · · , d− 1, (1)
where ⊕ means addition modulo d. These orthogonal states cannot be distinguished exactly by LOCC operations.
To distinguish them, entanglement is required.
Main Result: The canonical set of mutually orthogonal maximally entangled states (MES) in d×d is distinguished
locally iff one pure MES is shared by the two parties.
Proof: The sufficient condition is easy to prove. Employing the standard teleportation protocol [4], the state is
teleported to one party by the shared pure MES and then general Bell measurement is performed to distinguish the
state perfectly. The necessary condition is proved using the entanglement theory that entanglement cannot increased
by LOCC operations. Similar method is used to investigate the problem of local cloning of Bell states in [5]. Suppose
a entangled state ψ is required to distinguish the MES. Then a mixed state is construct as follows
ρ =
1
d2
d−1∑
m,n=0
|φm,n〉〈φm,n| ⊗ |ψ〉〈ψ| ⊗ |φm,−n〉〈φm,−n|. (2)
The distillable entanglement of ρ is at least log d since we can distinguished |φm,n〉|ψ〉 by LOCC. Note that the state
ρs
ρs =
1
d2
d−1∑
m,n=0
|φm,n〉〈φm,n| ⊗ |φm,−n〉〈φm,−n|, (3)
is separable [6, 7]. So the distillable entanglement of ρ is equal to the entanglement of ψ that is at least log d. From
the sufficient condition, ψ is a MES in d× d. The proof is completed.
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